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UKSCRIPTION 



LIQUID EJECTION HEAD 

[TECHNICAL FIELD] 

The present Invention relates to a liquid 
ejection head for ejecting liquid, In the form of a 
minute liquid droplet. A liquid ejection head is 
preferably employed as an ink Jet head in the field of 
ink Jet recording for ejecting recording Ink. It ts 
also preferably employed, in the field of medicine, as 
the liquid ejection head of an inhaling apparatus, or 
the like, used for atomizing liquid medicine so that 
the medicine can be Inhaled into lungs. 

15 [BACKGROUND ART J 

A liquid ejection head for ejecting liquid, 
in the form of a minute liquid droplet, has been 
widely employed as an Ink jet head In the field of ink 
Jet recording. Not only is an ink Jet head required 
to simply eject liquid droplets, but also it is 
required to be stable in the direction In which liquid 
droplets are ejected. Thus, various proposals have 
been made to meet these requirements. 

For example, Japanese Laid-open Patent 
Application 5-77422 discloses an ink jet head in 
which, in order to stabilize Ink flight, ejection 
outlets for ejecting ink are placed in recesses, one 
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for one, being 1„ Lhe center of the bottom of the 
recess to prevent the body of Ink from a gi ve n 
ejection outlet from coming into contact wi Lb tbe body 
of ink from the ejection outlet adjacent thereto. 
Japanese Laid-open PatenL Applications 5-193141 and 
11-3340G9 aiso disclose an Ink jet bead in which 
ejection outlets are placed in recesses. one for one. 
being in the center of the bottom of the recess. In 
the case of this ink Jet head, the internal surface of 
the recess i s treated to give it a strong affinity tor 
ink. and the outward surface of the member having the 
ejection outlet member is treated to cause it to repel 
ink. This combination of the structural arrangement 

and surface treatments is intended fo 

j-s> iniennea to form a meniscus 

in the recess of the ejection outlet so that in* is 
ejected with the presence of the meniscus in the 
recess of the ejection outlet. This. accordln R to the 
aforementioned applications, improves recording 
quality by stabilizing liquid ejection. 

In recent years, the demand has further 
increased for improving an ink Jet head in terms of 
image quality. in particular, m terms of gralniness . 
Thus, in order to cake as inconspicuous as possible 
the grafniuess resulting from the manner in which the 
ink droplets adhere to recording medium, a substantial 
amount of effort has been made to reduce the «l ze of 
the droplet in which liquid is « Jected . However, the 
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above described ink j et head In accordance with the 
prior arts are not necessarily structured to 
substantially reduce liquid droplet si zc . 

The primary object of the present invention 
is to provide a liquid ejection head which ejects 
extremely small liquid droplets, more specifically, 
liquid droplets, the sizes of which are on the order 
of no more than a pico-liter. Once a liquid ejection 
head capable of ejecting liquid droplets, the sizes uf 
which are on the order of no more than a pico-liter. 
is realized, not only will the application of such a 
liquid ejection head quickly spread in the fieJd of 
ink Jet recording, but also it will spread into fields 
other than the field of ink jet recording. 

According to an aspect of the present 
invention, there is provided a liquid ejection head 
comprising a liquid path; an ejection outlet forming 
member which constitutes a part of a wall of the 
liquid and which forms an ejection outlet for ejecting 
a dropleL of liquid; a heat generating element, 
provided at a position opposing to said ejection 
outlet of the wall of said liqtud flow path, for 
generating a bubble in the liquid by application of 
heat to the liquid; a restrictor portion, provided at 
a recessed portion of said ejection outlet, wherein 
said recessed portion is recessed from a plane in 
W hlch said ejection outlet is formed, wherein the 
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liquid forms a meniscus and la retained in said 
ejection outlet such that said restrlctor portion is 
within the liquid, wherein an area So of an opening of 
said restrlctor portion and a surface Sli of said heat 
generating element saLisTy So s Sh . 

According to another aspect of the present 
Invention, there is provided a liquid ejection head 
comprising a liquid path; an ejection outlet forming 
member which constitutes a part of a wall of the 
liquid and which forms an ejection outlet for ejecting 
a droplet of liquid; an energy generating element, 
provided at a position opposing to said ejection 
outlet of Lhe wall of said liquid flow path. f or 
generating ejection energy to be applied to the 
liquid; a restrlctor portion, provided at a recessed 
portion of said ejection outlet, wherein said recessed 
portion is recessed from a plane in which said 
ejection outlet is formed, wherein the liquid forms a 
meniscus and is retained in said ejection outlet such 
that said restrlctor portion is within the liquid, 
wherein a thickness c of said restrlctor portion and a 
height e of said liquid path measured in a direction 
in which said ejection outlet and said energy 
generating element are faced to each other, satisfy c 

According to a further aspect of the present 
invention, there Is provided a liquid ejection head 



comprising a liquid path.; an ejection outlet forming 
member which constitutes a part of a wall of the 
liquid and which forms an ejection outlet for ejecting 
a droplet of liquid; an energy generating element, 
provided at a position opposing to said ejection 
outlet of the wall of said liquid flow path, for 
generating ejection energy to be applied to the 
liquid; a restrictor portion, provided at a recessed 
portion of said ejection outlet, wherein said recessed 
portion is recessed from a plane in which said 
ejection outlet Is formed, wherein the liquid forms a 
meniscus and is retained in said ejection outlet such 
that said restrietor portion Is wiLhin the liquid, 
wherein a thickness c of said restrictor portion and a 
thickness d of said ejection outlet forming member 
measured between a plane in which said ejection outlet 
is formed and said restrictor portion, satisfy c s d. 

The position of the restrictor portion in the 
ejection outlet", in Lerras of the thickness direction 
of the member having the energy generating members, is 
desired to be between the top and bottom surfaces of 
the member. Also, the hole of the restrictor portion 
is tapered so that the top opening of the hole is 
greater than that of the bottom opening of the hole, 
or vice versa. Further, the restrictor portion is 
desired to have a plurality of holes, as liquid 
passages, smaller than the other portions of the 



ejection outlet. 

As for examples of liquid ejcctable from a 
liquid ejection head, there are recording liquids used 
for ink jet recording, liquid medicines inhaled into 
lungs, etc. 



[DISCLOSURE OF THE INVKNTION] 

In a liquid ejection head such as the above 
described one. prior to the beginning of ejection, the 
outward opening of each ejection outlet of Lhe member 
having the ejection outlets Is covered with the 
meniscus formed by the liquid in the head, with the 
small hole of the restrictor portion being in the 
liquid in the head. Then, as the heat generating 
element is driven to eject liquid, a bubble is 
generated, and the bubble grows while moving the 
liquid toward at least, the outward opening of the 
ejection outlet. As the liquid is moved toward the 
outward opening of the eJectiotToutlet , it is forced 
through the small hole of the restrictor portion, 
being thereby substantially increased in speed as it 
is moved through the small hole. Therefore, the speed 
at which the liquid moves after being moved Lhrough 
the small hole of the restrictor portion Js much 
faster than prior to its passage through the small 
hole. As a result, the portion of the ink in the 
recess of the eJecLion outlet, which corresponds in 



position to the small bole oC the restrictor portion, 
is moved faster than the body of ink surrounding this 
portion of ink. 

A.s a result, this fast moving portion of 
liquid causes the center portion, that is, the portion 
corresponding in position to the small hole of the 
restrictor portion, of the meniscus covering the 
outward opening of the ejection outlet, to swell up. 
and eventually, it ejects in the form of a liquid 
droplet. In this case, the entirety of the body of 
ink in the recess, or the large diameter portion, of 
the ejection outlet is not ejected. Therefore, the 
liquid ejection head in accordance with the present 
invention can eject liquid droplets, which are much 
smaller in si*?e compared to those ejected by a liquid 
ejection head in accordance with the prior arts. 
Further, a certain amount of liquid remains in the 
recess, that is, the large diameter portion, of the 
ejection outlet, keeping the small hole of the 
restrictor porLion in the liquid. Therefore, the 
problem that the small hole of the restrictor portion 
becomes plugged as the liquid therein dries up, docs 
not occur. Thus, preferable liquid droplets can be 
ejected from the very beginning of a liquid ejection 
operation. 

These and other objects, features, and 
advantages of the present invention will become more 
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apparent upon consideration of the followinR 
description of Lhe preferred embodimen Ls of the 
present invention, taken In conjunction with the 
accompanying drawings. 

I BRIEF DESCRIPTION OF THE DRAWINGS] 

Figure 1(a) is a plan view of Lhe liquid 
ejection head in an embodiment of the preseni 
invention, and Figure 1(b) is a sectional view 
thereof, at plane x-x in Figure 1(a). 

Figure 2 is drawing for showing how liquid is 
ejected in the form of a liquid droplet as the head 
Shown in Figure l is driven. 

Figure 3 is a sectional view of the first 
modified version of the liquid ejection head shown in 
Figure 1 . 

Figure 4 1s a sectional view of the second 
modified version of the Uquid ejection head shown in 
Figure 1. 

Figure 5 is a sectional view of Lhe third 
modified version of the liquid ejection head shown i„ 
Figure 1. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 

Hereinafter. Lhe embodiments of the present 
Invention will be described with reference to the 
appended drawings. 



Figure 1 shows tlie liquid ejection head in an 
embodiment of the present invention, Figure 1(a) being 
a plan view thereof, and Figure 1(b) being a sectional 
view thereof, at the plane X-X in Figure 1(a), 

The liquid ejection head shown In Figure 1 
comprises a substrate 2, and a heater i, as an element 
for generating the energy for liquid ejection- The 
heater 1 Is disposed in the liquid path. Although 
Figure 1 shows the combination of one heater 1 and one 
liquid path 3, there are disposed a plurality of the 
beaters 1, one for each liquid path 3, on a single 
piece of substrate 2, The choice of the energy 
generating element does not need to be limited to an 
electrothermal transducing clement. For example, it 
may be a vibratory energy generating element such as a 
piezoelectric element. 

Each liquid path 3 la surrounded by an 
ejection outlet plate 5 having the ejection outlets 4 
through which liquid is ejected In the form of a 
liquid droplet, the substrate 2„ and a gap regulating 
member 6 for regulating the distance between the 
ejection outlet plate 5 and substrate 2. 

The ejection outlet is provided with a 
restrlctor portion 7, at which the ejection outlet 
diameter is substantially smaller than at the other 
portions, at a position recessed from an ejection 
outlet plane 5b where the ejection outlet 4 opens in 



) 



the ejection plate 5. Thus, the liquid to be ejected 
is held in the recess formed by the internal surface 
5a of the larger diameter portion of the ejection 
outlet and the restrlctor portion 7, forming a 
meniscus 8 across the outward opening of the ejection 
outlet. Therefore, the restrlctor porLion 7 is in the 
liquid between the liquid path 3 and the ejection 
outlet plate 5a of the ejection outlet plate 5. 

At this time, the concrete measurements of 
the liquid ejection head shown in Figure l win be 



given. 



The heater 1 la square, and each edge is 10 
Pm long. As for the measurements of Lhe ejection 
outlet 4, its diameter is i 0 ^ at the ejectlon 
Plane 5a (diameter , and 3 urn at the bottom opening; 
in other words, the diameter b of the small hole 7a of 
the restrlctor portion 7 Is 3 nm. The thickness c of 
the restrlctor portion 7 Is 1 p. The d i stance d from 
the top surface of the restrlctor portion 7 to the 
ejection outlet plane 5a of the ejection outlet plate 
5 is 4 pm. and the height e of the liquid path 3 
(height of distance regulating member) is 5 pm. The 
thickness f of the ejection outlet plate 6 is 5 urn. 

In a liquid ejection head in accordance with 
the present invention, the area size So of the small 
hole 7a and the surface area size Sh of the heater 1 
satisfy the following relationship: So s Sh. To 



describe more concretely, in the case of the liquid 
ejection head shown in Figure 1, Sh = 100 um 2 , and So 
«= 7.07 um 2 , satisfying: So & Sh. Also in a liquid 
ejection head in accordance with the present 
invention, the thickness c of the restrictor portion 7 
and the height e of the liquid path 3 satisfy the 
following relationship: c s e. In the case of the 
liquid ejection head shown in Figure l. c = l pm, and 
e = 5 pm. satisfying therefore: c * e. Also in the 
case of a 1 1 quid ejection head in accordance with the 
present invention, the thickness c of the restrictor 
portion 7 and the distance d from the top surface of 
the restrictor portion 7 to the ejection outlet plane 
of the ejection outlet plate 5 satisfy the following 
relationship: c s d. in the case of the liquid 
eJecLion outlet head shown in Figure 1. c = 1 um, and 
d * 4 um, a 9 mentioned above, satisfying therefore: c 
s d. 

Next, the liquid ejecting operation of the 
above described liquid ejection head will be 
described. Figure 2 shows how liquid is ejected as 
the head structured as shown in Figure 1 is driven. 

Referring to Figure 1. before the liquid 
ejection head begins to be driven, there is the 
meniscus 8 covering the outward opening of each 
ejection outlet 4 of the ejection outlet plate 5. and 
therefore, the small hole 7a of the restrictor portion 
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7 is In the liquid. Next, referring to Figure 2(a). 
as voltage is applied to the heater 1 for liquid 
ejection, the heater 1 generates heat, heating the 
liquid in the liquid path 3, w hich is in contact with 
the surface of the heater 1. As a result, the liquid 
boils in the film-boiling fashion, gcneraLing bubbles. 
As the bubbles are genera Led, the bubbles rapidly grow 
in volume, causing thereby a part of the liquid to 
move downstream (toward ejection outlet 4) and the 
other part to move upstream (toward liquid supply 
side). as the part of the liquid moves toward the 
ejection outlet 4. it passes through the small hole 7a 
of the restrictor portion 7, and as it passes through 
the small hole 7a, it is substantially accelerated. 
As a result, the portion of the liquid 1n the 
aforementioned recess of the ejection outlet 4, 
corresponding in position to the small hol e 7a, is 
moved relatively faster than the liquid surrounding 
this portion corresponding in position to the small 
20 hole 7a. 

Consequently, the center portion of the 
meniscus 8 covering the outward opening of the 
ejection outlet, which corresponds in position to the 
small hole 7a, i s thrust upward by the above described 
25 faster moving liquid, which corresponds in position to 
the small hole 7a. As a result, a liquid droplet 10 
is ejected. In this case, the entire body of the ink 



15 



-13- 



in the rczar.sx of the ejection outlet 4 Is not ejected; 
in other words, a liquid droplet, the volume of which 
is extremely small (0.014 pi) is ejected. Further, 
the substantial amount of the body of the liquid in 
5 the recess of the ejection outlet 4 remains In the 

recess. Therefore, the small hole 7a remains within 
the liquid, being thereby prevented from suffering 
from the problem that it becomes plugged as the liquid 
therein dries up* Thus, the liquid ejection head 

10 structured as described above can eject desirable 

liquid droplets from the very beginning of a liquid 
ejecting operation. 

Figure 3 shows the first modified version of 
the liquid ejection head shown in Figure 1- This 

15 modification is different from the liquid ejection 
head shown in Figure 1 In that the small hole 7a of 
the restrictor portion 7 is tapered so that it is 
greater In diameter on the liquid path side, or the 
inward side, than on the ejection ouLlet plane 5q 

20 side. Even if the small hole 7a of the restrictor 
portion 7 is tapered as described above, the effect 
similar to that of the liquid ejection head shown in 
Figure 1 can be obtained, as long as the above 
described relationships, that is. So i Sh, c £ e, 

25 and/or c £ d, are satisfied. Incidentally, Figure 3 

shows a small hole 7a ♦ the diameter of which gradually 
reduces from the liquid path 3 side toward the 
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ejeetion outlet plane 5a. However, the taper of the 
smaJl hole 7a may be such that the diameter of the 
small hole 7a gradually reduces from the ejection 
outlet plane 5a toward the liquid path 3 side, or that 
the diameter of the small hole 7a gradually reduces 
from the liquid path 3 side toward a given point 
between the liquid path 3 and the ejection outlet 
plane 5a, and then, gradually increases from this 
point toward the ejection outlet plane 5a. Further, 
the edges of the small hole 7a of the restrictor 
portion 7 may be rounded. in other words, as long as 
the small hole 7a or the restrictor portion 7 Is 
tapered so that its diameter gradually reduces or 
increases toward the liquid path or recess, its 
configuration is optional. 

Figure 4 shows the second modification of the 
liduid ejection head shown in Figure 1. The liquid 
ejection head shown in Figure 4 is different from the 
liquid ejection head shown in Figure l in that the 
restrictor portion 7 is positioned between the outward 
edge of the ejection outlet 4 of the ejection outlet 
Plate S and the top surface of the regulating member 6 
for defining the height of the liquid path 3. Even if 
the position of the restrictor portion 7 in the 
ejection outlet 4 is changed to a position recessed 
from the ejection outlet plane 5a. the effect similar 
to that realised by the liquid ejection outlet shown 



-15- 



in Figure 1 can be realized as long as the above 
described relationships: So s Sh, c s e, and/or c ^ d r 
are satisfied. 

Figure 5 shows the third modification of the 
liquid ejection head shown in Figure 1, In the liquid 
ejection head shown In Figure 5, the restrictor 
portion 7 is provided with a plurality of small holes 
7a, which oppose a single heater 1. With Lhe 
provision of this structural arrangement, in which 
each ejection outlet 4 is provided with the plurality 
of small holes 7a, not only can the effect similar to 
that described above be obtained, but also a plurality 
of liquid droplets can be simultaneously ejected from 
each ejection outlet 4. 

incidentally, not only can the structural 
arrangements in the above described first to third 
modifications be individually employed to a liquid 
ejecLioa head in accordance with the present 
invention, but also in optional combination as they 
fit. 

A liquid ejection head in accordance with the 
present invention ejects (inclusive of atomizing) 
liquid in the form of an remarkably small droplet, 
being therefore highly recommendable as the liquid 
ejection head for such an apparatus as an ink Jet 
recording head in the field of ink jet recording and a 
liquid medicine inhaler head in the field of medicine. 
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When a liquid ejection in accordance with the 
present invention is employed as an ink jet recording 
head. Its ejection outlets are disposed in a single or 
plurality of straight lines, and as for the liquid Lo 
be ejected, recording liquid such as ink, or surface 
treatment liquid adhered to a recording sheet, prior 
Lo ink ejection, to prevent ink from bleeding through 
the recording sheet, are used. The direction in which 
ejection outlets are aligned and /or the length of the 
line In which the ejection out Jets are aligned may be 
varied as necessary to create an ink jet recording 
head for a serial type ink jet recording apparatus, or 
an ink jet recording head for a line type ink jet 
recording apparatus. In particular, when a liquid 
ejection head 1n accordance with the present invention 
is employed as an ink jet recording head for a serial 
type ink Jet recording apparatus, the liquid ejection 
head, and the container in which the recording liquid 
to be supplied to the liquid ejection head is held, 
may be structured in the form of a cartridge so that 
they can be united or separated. 

[INDUSTH1AL APPLICABILITY] 

As described above, a liquid ejection head in 
accordance with the present invention can be used for 
ejecting recording ink in the field of ink jet 
recording . 



Further, a liquid ejection head In accordance 
with the present invention can also be used as a head 
for a liquid medicine inhaling apparatus. Tn such a 
case, the liquid ejection head is structured so that 
it can be connected to a liquid medicine dispenser. 
As for the medicine to be ejected, there are: 
proteinaceous formulations, such as insulin, human 
growth hormone, and gonadotropic hormone; nicoLine; 
anesthetic; etc. 



